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PART  I:    iHfgfiraaaica  cf  fluoride  Mim 

C0L0HIMT5TRIC  MBASOHBMiarr  Cff  PHOSPHORUS 


INlSiaDUCTICB 


Excellent  correlation  between  cron  response  to  amllcstion  of  ^hosT^hatlc 
fertilizer  and  extraction  of  available  phoshorus  ty  the  Bray  and  Kurtz  (2) 
Bethod  has  "been  illustrated  recently  "by  Smith,  et  al  (3).  Howerer,  it  has 
heen  shown  hy  Kurtz  (l)  that  the  presence  of  the  fluoride  ion  affects  the 
color  derelomment  in  the  coloriRctrlc  aethcd  commonly  used  for  rihosnhorus 
determination.  Kurtz  also  showed  that  the  addition  of  HgBOg  to  a  solution 
containing  fluoride  eliminated,  to  a  certnin  extent,  the  interference  ^vith 
the  color  derelopnent. 

The  Kansas  state  soil  testing  laboratory  has  adopted  the  Bray  and  Ktirta 
(2)  method  for  determining  aYsilahle  phosphorus  in  soils.   To  overcome  the 
ret^ression  of  the  color  development  caused  ty  the  fluoride  ion  the  (lIH^)^ 
MoO^— HCl  solution  is  saturated  vith  HgBOg. 

Because  the  presence  of  fluoride  in  the  extracting  solution  does  affect 
the  color  development,  and  heeause  HgBOg  is  used  to  overcome  this  difficulty, 
an  experiment  was  designed  to  determine  the  effect  of  different  concentra- 
tions of  fluoride  on  the  color  development  and  to  determine  to  what  extmt 
the  HjjBOj^  in  the  (HH^)gMo04— KCl  solution  may  he  defended  upon  to  overcome 
this  interference.  The  experiment  was  conducted  with  phosphorus  standards 
in  water,  0.025  N  HCl,  and  0.1  N  HOl. 


Ift 
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aXPBEIMOTWI.  K3TH0DS 

In  order  to  determine  the  effect  of  fluoride  on  color  devslorjnent, 
standards  containing  1,  2,  3,  end  4  pp»  phosphorus  were  used.   Color  vss 
dereloT^ed  "by  usinj?  (NH.)^oO^ — HCl  solution  with  amlno-naphthol-rulfonie 
acid  as  the  reducing  agent.  Intensity  of  color  was  determined  ty  the  use 
of  an  Svelyn  photoelectric  colorimeter.  Determinations  were  first  made 
in  the  ahsence  of  fluoride  in  order  to  give  a  haeia  for  comoarison;  then 
deteinni nations  were  nade  with  different  anounte  of  KH  7  added  to  the  solu^ 
tlon. 

Secondly,  in  order  to  determine  the  effect  of  ^g^O,  in  reducing  the 
interference  of  color  development  caused  "by  the  fluoride  ion,  the  ejqjerlBsent 
was  repeated  using  {}T&  )jioO. — HCl  solution  with  I^0»  addad.  Propresslve 
rates  of  HH^F  (0,03  N,  0,04  »,  0,05  H,  and  0.06  N)  were  used  to  detemine 
the  concentration  at  whidx  Interference  first  occurs. 

Thirdly,  hoth  ^receding  steps  in  the  experiment  were  reiaeated  with 
phosphorus  standards  in  0.025  N  HCl  and  0.1  N  HCl  instead  of  water. 

In  all  oases  where  HJ0_  was  used  it  was  added  with  the  (HH^)2Mo04 — HCl 
solution.   This  solution  was  prepared  saturated  v;ith  respect  to  HgBO  . 

UMMSUfS 

Standard  Phosphorus  Solution 

Stock  solution  containing  50  ppB  phosphorus  was  -^re-^ared  by  dissolving 
0.2195  gn  of  dry  IS  PO     in  water  end  dilating  to  one  liter.   Working  standards 
were  prepared  hy  quantit?tive  dilution  of  the  stock  solution. 
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Standard  Fluoride  Solution 

Approximately  2  S  solution  vras  pr©T3f.red  by  diesolvlng  74.08  gBs  of 
NH^r  in  water  and  dilutin<5  to  one  liter.     This  solution  vss  standardised 
Bif^ainRt  ThdtOg)^  usinp  ZrCNOg)^,   alizarin  red  mixture  as  an  indicator. 

Standard  Hydrocholoric  Acid 

Approxlaately  1  "S  solution  was  prepared  "by  diluting  83  als  coneentrRted 
ICl  to  one  liter.     This   solxition  was?  3tendr.rdi7;ed  against  a  'baa*. 

Anino-Naphthol-Sulfonic  Acid 

Two  and  one-half  gms  l-ajnino-2-naphthol-4-sulfonic  acid.    5,0  f^n  1Sb.2S0^, 
and  146,25  gm«  Ka^SgOg  were   bhoroughly  mixed  and  groxind  to  a  fine  powder. 
Si|H:ht  gms  of  the  povder  nixture  were  dissolved  in  50  mle  of  warm  distilled 
water.     It  was  filtered  before  usin^. 

Ammoniua  Molybdate-Eydro chloric  Solution 

©■•-hundred  gms  of  (NH^)2HoO^  were  dlasolred  in  850  mis  of  distilled 
water.     It  was  filtered  and  cooled.     A  second  solution  oonBiatine:  of  1700 
Hils  of  concentrsted  HCl  mixed  with  160  mis  of  water  was  mad*.     The  first 
solution  was  slowly  added  to  the  second  solution  and  constant   stirring  vas 
«aplo7«d.     One-hundred  ten  gne  of  reagent  <f»rp.de  H3BO3  was  added  to  the  above 
mixture  for  the   (M^)  ^oO^—13.G\-E^0^  solution. 


PSOCSEfUHB 

From  the  50  pon  phosphorus  stock  solution  10,  20,  .30,  and  40  pp» 
phosphorua  solutions  ware  prepared  ty  diluting  20,  ^,  60,  and  80  mis  re* 
spectively  of  the  50  -pvim  tihos-shorus  stock  solution  to  100  mis.  ?ive  rals 
of  each  (lO,  20,  30,  and  40  ppm  phosphorus)  were  diluted  to  50  rals  with 
distilled  water  in  order  to  give  1,  2,  3,  and  4  pj«  phostihorus  solutions. 
A  blank  solution  consisted  of  50  ml-?  of  distilled  vater. 

!rhe  atore  solutions  were  transferred  to  125  mis  Brlenneyer  flasks. 
Two  wis  ('l?H.)2Mo0j— HCl  solution  and  2  nls  of  amino- naphthol- sulfonic  acid 
were  added.  This  was  mixed  and  allowed  to  stand  for  15  minutes.  At  the  end 
of  15  ninutes,  readings  on  the  Evelyn  photoelectric  colorimeter  were  made 
using  a  wavelength  of  660  rau. 

Sach  of  the  succeeding  determinations  was  made  as  above  exce^^t  when 
diluting  the  10,  20,  30,  and  40  ppn  phosohoJnis  solutions  to  give  1,  2,  3, 
and  4  pon  phos^ihorus  solutions  to  give  1,  2,  3,  and  4  ppm  phosphorus  certain 
concentrations  of  HH^r  and  /  or  HCl  were  used  in  place  of  distilled  water. 
The  solutions  used  to  dilute  the  standards  were  prepared  from  standexd  HH^V 
and  HOI  solutions.  For  each  determination  a  blank  solution  containing  every- 
thing except  the  phosphorus  standards  was  prepared, 

DISCUSSIOS  AIJD  ESSULTS 

Table  1  presents  the  effect  of  fluoride  on  color  develotinent.  Standard 
phosphorus  solutions  were  in  water.  The  (HH4)2MoO^ — HCl  solution  was  used 
without  HgB03.  ^*  addition  of  0,03  IT  KH^F  repressed  the  color  considerably. 
The  greatest  recovery  with  the  standards  In  0,03  V  HHJP  was  61  per  cent  for 


concent ratlim  of  only  1  ppm  phospherut  end  the  least  v;&fl  48  per  cent  for 
eoneentratioa  of  4  ppa  jdiosphorue.  Ae  the  concentration  of  phosphorus  ia» 
ereaeed  per  cent  reeorery  decreased.  In  0.06  IT  X^^f  no  color  dereloped. 


f&Vle  1.  Phosphorus  standards  in  water,  (XBi^) ^^^-^Bil   solution 
without  H;!|^3. 


Phosphorus 

:     Horraallty 

1     Phosphorus''-        1 



added  to 

'    with  resT^ect     i 

1       fovrad  la            t 

Per  cent 

solKtlan     i 

to  IIRaW          i 

solution            I 

ivm 

0.00 

1.00  -op« 

100.0 

aw* 

0.00 

2.00  ppa 

100.0 

8pp« 

0,00 

3.00  piaa 

100.0 

*W» 

0.00 

4,00  PPM 

100.0 

1P5« 

0.03 

0.61  ppm 

61.0 

2  PP« 

0.03 

1.16  ym 

58,0 

3RP 

0,03 

l.o3  ppB 

S4.0 

*pm 

0.03 

1.96  pp« 

4B.8 

1  pp« 

0.0« 

0.00  pp« 

0,0 

2PP» 

0.06 

0.00  xypm 

0.0 

»PP« 

0.0t 

0.00  pp« 

0.0 

Ajfpm 

o.oe 

0.00  ppa 

0.0 

1  Mean  of  two  dv^licates. 


When  standards  were  placed  in  0.03  I  IH^  plus  0.025  TX  BOl  a  greater 
decrease  occurred  than  In  0.03  I  WH^   (Table  8).  Only  50  per  ce«t  recovery 
occurred  vlth  1  ppn  phosphorus.  Vhls  was  11  -per   cent  decrease  c<^3pared  to 
O.Cn  V  n^f  without  the  0.025  M  HCl.  fhe  le^st  difference  occurred  with  the 
4  ppn  photphorus  standard,  which  gecte   only  7.6  v^r  cent  greater  decrease  thjm 
when  the  standards  were  in  0.03  V  KB  JP.  Apparently,  the  preeenee  of  acid 
aotiTated  greater  repression  of  color  Toy   fluoride.  As  was  the  case  with 
ttaadarda  in  water,  color  failed  to  derelop  in  a  0.06  K  BE^7  solution. 

The  presence  of  0.03  I  IH^F  la  0,1  KHCl  grestly  repressed  color 
derelopnent.  Beeorery  was  only  16  per  cent  in  the  3  and  4  ppa  pboephome 


standards.     This  a^in  lodleatsd  that  fluoride  is  eetiratsd  \iy  acid.     Appaiv- 
ently  the  stronger  the  aeld,  the  gv&tmr  the  activation  and,   therefore,   the 
greater  the  color  repression.     As  was  true  in  the  two  prerioas  trials,   eoler 
failed  to  derelop  in  the  iiresenee  of  0.06  H  HHJf. 


7al»le  2.     Phosphorus  standarde  in  0.025  H  BBl,    (ira^);^oO^»BCl  solutloA 
without  H3BO3. 


Phoephems 

:     Normality      ; 

PhosphoTttS'*-      1 

■"" 

added  to 

t  with  resiaoct  t 

found  In          t 

Per  cent 

I       to  IKJT        t 

solution          t 

recoTenr 

inP 

0.00 

1.00  T^fpm 

100.0 

3pp« 

0.00 

2.00  ppn 

100.0 

3pp« 

0.00 

3.00  ppa 

100.0 

4pp« 

0.00 

4.00  ppa 

100.0 

1  vrM 

0.03 

0,50  pp« 

50.0 

2-ppm 

0.03 

0.94  pp« 

47.0 

Sppa 

0.08 

1.20  pp«l 

40.0 

4PF* 

0.03 

1.65  pT« 

41.2 

xot« 

0.0« 

0.00  ppa 

0.0 

2ppm 

0.0« 

0.00  pp» 

0.0 

3  ppa 

0.0< 

0.00  pp« 

0.0 

4pp« 

0.0« 

0.00  pp« 

0.0 

1  Mean  of  two  duplicates. 


Tahle  3,     Phosiihoras  standerds  in  0.1  H  HOI,   (SH.)JioO.~H0l  golution 
without  H3BO3. 


Ph08T3horU8 

:    Normality 

I     PhosrAoruB        J 

added  to 

1  with  rospeet 

1       found  In          t 

Per  c«it 

solution 

J       to  HH^f          1 

solution          J 

raeoTenr 

1  pp« 

0.00 

1.00  ppn 

100.0 

2  ppn 

0,00 

2.00  -p-m 

100.0 

3  ppn 

0.00 

3.00  ppm 

100.0 

4  mm 

0.00 

4.00  ppn 

100.0 

1  PP« 

0.03 

0.19  ppn 

19.0 

2  vm 

0.03 

0.38  -prM 

17.5 

3  ppn 

0.03 

0.48  pnn 

16.0 

♦PP" 

0.03 

0.64  pon 

16.0 

1  ppB 

0.06 

0.00  ppn 

0.0 

2  ppm 

0.06 

0.00  ppn 

0.0 

3ppn 

0.06 

0,00  T5T3n 

0.0 

4  piM 

0.06 

0.00  ptan 

0.0 

1  Meoi  of  two  dtj^lientes. 


TaVl«  A  «hows  tte«  addition  of 

f 

E^K^  will  allKiaata  iatarfaraiiM  e«a«ad 

Iqr  e«rtaiB  ooAMAtratlona  of  M^T, 

nuraa-taondradtha  noraal  M^f  oxnatd  ao 

rapraflfioa  of  color  difr«loT?n«Bt .     78ur>haadrtidth«  nermkl 

VH^  eauaad  ao  ap* 

pnelebla  raprsatiea 

of  oelor  daralapMRt.    The  flrtt  jgypraelaMa  r«pr««aioa 

•f  tiM  eolar  oeaurad  vlth  eoaa«ntr&tlea  of  0.06  If  IR^f. 

Om  i^^  plMaphoma 

la  0.06  »  W^f  mt«  Aillif  T«o«r#r«d. 

^tl«  4.     nioai:?}iora« 

•trndavda  i«  vatav,   (ia^)2^loO^-*R01  aolvtlM 

wltih  Hj^j,, 

-•    — '            -w 

J^tphvstt'a  t 

Horaalitr      * 

Fbotphorua^       1 

•ddtd  «o    1 

with  raa^nact  t 

fonad  la           i 

Par  oaat 

,fi|^^q||     t„ 

to  iTn.s-      » 

I  pjai 

0.00 

1,00  ppM 

100.0 

2npM 

0.00 

2.00  p^tt 

lOO.O 

^vm 

0.00 

3.00  ^ 

100,0 

^nm 

0.00 

4.00  -ppm 

100.0 

im 

0.03 

1.01  ppa 

101.0 

8pya 

0.03 

2,02  ppa 

101.0 

3rp 

0.03 

3.00  ppm 

100.0 

4vpa 

0.03 

4.00  ptpi 

100.0 

t»fii 

0.04 

1,01  v-m 

101.0 

«»P« 

0.04 

1.97  ppm 

98.5 

Sum 

0.04 

3.00  99* 

100.0 

*vsm 

0.04 

3.97  ppm 

39,3 

I  vm 

o.os 

1.00  9|« 

100.0 

Sppa 

0.03 

1.94  OT« 

97.0 

3PI« 

0.06 

3*93  pm 

•T.2 

4j^ 

0.06 

z.B7ppm 

93.3 

ivm 

0«0t 

0.93  ypB 

«3.0 

»  WP" 

0.03 

l.t»W» 

87.6 

inp 

0,03 

2.33  fi« 

87.3 

*m 

0.03 

3.30  9pM 

33.6 

lVP» 

oaa 

0.00  p^ 

0.0 

>»« 

0.13 

0.00  PUS 

0.0 

snp 

0.13 

0,00  ppK 

0.0 

4W« 

o.ia 

0.00  ntjA 

0.0 

1  Maan  of  two  dtqplieataa. 

• 

Mat  for  2  pp«  phosphorus.     Little  rarlatlon  occurred  tetween  the  2,  3, 

and  4  p««  TAosphorus  steBdarda. 

Interferftnes  Increased  with  0,05  H  HF  F, 

At  this  ooncentration  of  KH^I  it 

vaa 

noticed  that  the  per 

cent  recorery  for 

hl^er  conoaat rations  of  phoflphnfa* 

hraa  leas.     All  eonoentrations  of  phos~ 

phoras  placed  In  0.12  JK  1^4?  failed  to  produce  color. 

fahU  5.     PhosplMraa  etaadaTds  In  0.025  S  BCl,   {■mJJAoQ.. 

~H01  soltttloa 

with  E^Os. 

Phos}5horas   '      Normdlty 

• 

Phosphorus^        • 

added  to          with  ros-seet 

• 

found  in 

Per  o«nt 

solution      '        to  -m^f 

• 
• 

solution           • 

1  pp«                      0.00 

1.00  rip« 

100.0 

2  PPM                       0.00 

2.00  rypm 

100.0 

3  ppjo                       0.00 

3.00  ppa 

100.0 

4  ppa                      0.00 

4.00  pjai 

100.0 

1  pp«                      0.03 

1.00  pp« 

100,0 

2  pp«                       0.03 

2.00  ppa 

100.0 

3  ppa                      0.03 

3.03  pp» 

101.0 

4ppft                      0.08 

4,00  ppa 

100.0 

1  ifM                      0.04 

0.99  ppa 

99.0 

apga                      0.04 

1.^  PfM 

9?.0 

Z^ppm                   0.04 

3,^8  PjpB 

99.3 

4  pi»                       0.04 

3.92  ptjffl 

98.0 

1  PP«                       0.05 

0.94  piai 

94.0 

2  pi«                       O.OB 

1.86  ptdi 

93,0 

3  prp»                      0.05 

2.75  pm 

91.7 

4  fpm                     0.05 

3.51  ppa 

87.8 

I  »«                     0.05 

0.54  ppm 

84.0 

2  ppa                      0.05 

0.97  ppa 

48.6 

SpiM                      0.05 

1.45ppa 

48.3 

4  pp«                      0.05 

1.94  ppa 

48.0 

1  PPB                      0.12 

0.00  ppa 

0.0 

2  pp»                      0.12 

0.00  p^a 

0.0 

3  ppa                       0.12 

0.00  ppa 

0.0 

4  ppm                       0,12 

0.00  ppa 

0.0 

1  Mean  of  two  duplicatea. 

Taltlo  5  shows 

the  effect  of  H^BOg 

in  oTercomlng  the 

f 

interferenoe  caused 

V  HH^f  with  stftndurd*  in  0.026  5  HDl. 

As  was  the  case 

with  phospherue 

standards  in  wattr 

,  no  Intorferanco  resulted  with  stendards  in  0,03  I  OTt^f 

plus  0.02S  S  HQl. 

Slight  repression  resulted  with  standards  la  0.04  IS  SHJf 

plu«  0,025  H  HOI. 

Phosphoms  which  was  no*  reeorered  aaoimted  to  ahout  one 

per  eent  In  raost  ease*.     Berraaslon  with  strmdards  In  0.05  N  HR^F  nlms  0.026 

V  HCl  and  0.06  H  1847  plus  0.025  S  HBl 

was  omisiderahly  neater  than  repres- 

slon  for  corresponding  awnmts  of  HH^f  In  wster.     Phosphorus  st^mdPTds  In 

0,12  5  HH  7  failod  to  produce  color. 

Sahlo  6.     Pho)^--horu9  standardr  in  0.1  I  HCl,    (SH/);^oO^- 

-HOI  solution 

"ith  a^BOg. 

*t 

Hioaphorus 

t     lormaUty       t       Phosphorus         i 

added  to 

1  with  r9*peet  » 

foiwd  in          t 

Per  cent 

solution 

1       to  WaT        I 

recoTerT 

I  pm 

0.00 

1.00  pp» 

100.0 

2ppm 

0.00 

2.00  pp« 

100.0 

3ppi 

0.00 

3.00  pxM 

100.0 

4pi«l 

0.00 

4.00  pp« 

100.0 

1  van 

0.08 

1.00  ppm 

100.0 

2k« 

0.03 

1«9S  9|tt 

97.5 

3  ppm 

0.03 

2.86  pp« 

95.3 

4  ppaa 

0.03 

3.65  ppa 

91.2 

1  ppB 

0.04 

0.80  PPB 

80.0 

2»P« 

0.04 

l.SO  pp« 

75.0 

3  ppm 

0.04 

2,15  ppa 

71.6 

Appm 

0.04 

2.70  pp« 

67.8 

1  p-dB 

0.08 

0.88  KP« 

58.0 

2pp« 

0.05 

1.09  pp» 

64.5 

3  ppa 

0.08 

1.57  ppa 

52.3 

4  PTI« 

0.08 

2.01  pp« 

50.2 

1  ppa 

0,08 

0,43  7ip« 

43.0 

2  PPM 

0.08 

0.75  rnm 

37.5 

«P1« 

0.08 

1,12  pp« 

37.5 

4W« 

0.08 

1.43  pp« 

35.7 

XppB 

0.12 

0,00  pp« 

0.0 

2  »■ 

0.12 

0,00  pp« 

0.0 

3ppJi 

0.12 

0,00  pp« 

0.0 

4  ppa 

0.12 

0,00  pp» 

0.0 

1  Mma  of  two  duplioatos. 
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^hm.  different  normalities  of  IH^T  wtre  used  vdth  0.1  H  KJl  greater 
rinression  occurred  than  vAien  SH  JP  w»9  used  In  vater  or  in  0,025  K  HOI, 
fhie  is  cleerly  shown  in  7aM«  6,  Some  repression  occurred  with  phoaphorus 
■tendards  in  0,03  K  *!,?  plae  0.1  N  HCl,  Ho  repression  occurred  until  0.04 
N  SH  T  was  present  with  phoephorus  standards  in  0,0S5  S  HCl,  and  no  repres- 
sion occurred  until  0»06  H  NH.y  wae  present  vith  phosphonw  standard!  in 
water.  This  a,^aln  shoved  that  thi  more  acid  the  solution,  the  greater  was 
repression  due  to  154'. 

Per  cent  recorery  progreasirely  decreased  with  the  phosTAorua  standards 
in  0.04,  0.05,  and  0,06  H  M^  plun  0,1  S  ICl,  Ko  color  derelo-oed  in  the 
presence  of  0.12  5  IB^T. 

SUNRAHT 

The  es^eriment  was  desired  to  deterraine  the  effect  of  different  con- 
centrations of  fluoride  on  color  derelopaeut,   and  to  determine  to  idxat  extent 
the  HJBO3  added  to  (KH,)^oO^-<-lCl  solution  may  ^e  depended  upon  to  OTereow 
this  interference. 

The  folliT/fing  conelaeions  were  Bade  fro'i  ths  experimental  datat 

1.  Amnonitai  fluoride  re-  res see  color  derelopaent  eren  when  present 
in  tnall  concentrations  (0.03  I). 

2.  AstBonim  fluoride  repreesee  color  derelopmeat  nore  as  acidity 
increases, 

8.     Color  repression  is  greater  for  neater  concentrations  of  phosphorus, 
4,     Boric  acid  used  with  (iH^)MoO^— BCl  solution  is  effectire  within  the 
following*  lii^dtations: 
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a.  up  to  0,05  S  HH4T  In  water. 

t>.  up  to  0.04  H  EH^F  In  0.025  IT  HCl 

«.  It  was  not  effectiY*  as  low  as  0.03  B  IH^f  la  O.l  5  HCl. 
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PAIff  III     NITEOQSH  NOTRin®  STODISS  WIfH  CQEI 

In  recent  years  interest  has  d«7Bla,ed  in  use  of  leaf  analysee  ac 
diagnostic  procedures  and  for  the  evaluation  of  fertility  experinente  with 
field  crops.     Prsviouel/,  plant  aaal|rtes  had  Iteea  used  to  establish  raoajr 
principles  of  plant  nutrition. 

fbe  InreiBtigation  reported  in  this  thesis  vas  designed  to  study  the 
nitrogen  nutrition  of  corn  "by  use  of  lep.f  analysis.     "Jwo  locations  were 
used  in  this  study,   one  an  irrigated  field,   and  the  other  a  non-irrigated 
field.     Both  locations  were  in  northeastern  Kaasaa, 

Bates  of  nitrogen  ranging  from  20  to  160  pounds  of  nitrogen  per  ?.cre 
were  used.     Starter  fertilisers  were  iasorporeted  in  the  irrigated  eacperl- 
aent. 

In  order  to  study  the  nitrogen  nutrition  of  eora,   leaf  seaples  were 
taken  at  Tarious  stages  of  the  growing  season  end  analysed  in  the  laV»ratory. 
the  saatples  were  analyzed  for  K  at  "both  locations,  and  for  P,  K,  Ca,  Mg, 
and  Ha  at  the  location  which  reeeiTod  starter  fertilizer. 

froB  the  proper  interpretation  of  this  study  a  tetter  tmderstandinf 
of  com  nutrition  should  T>e  gained.     This  should  aid  in  better  fertilizer 
practices. 
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RETI5W  OF  LlfSBlIDM 

Ut«  of  leaf  analyses  ae  e  diagnostic  procedure  is  not  entirely  new. 
It  has  Tieen  studied  for  many  years  in  connection  with  fruit  trees.  In  rery 
recent  years  it  has  "been  installed  aa  a  testing  serrice  hy  Michigan  State 
Oolle/(;e  (Kenworthy,  7).  In  recent  years  nany  attempts  hare  "been  aade  to 
adart  its  use  to  rov  crops. 

Previous  investigation  with  plant  analyses  for  row  crops  nay  he  divided 
into  two  general  type si 

1,  Plant  tissue  testing  "by  nse  of  rapid  tests, 

2.  Laboratory  analyses  of  plant  tissue. 

Searaeth  (lO)  utilised  the  first  method  in  conjunction  with  corn  fer- 
tilizer experiments.  He  used  It  to  study  nutrient  uptake  in  an  old  fertility 
experiment,  and  also  for  the  study  of  fertiliaer  placeaent  experimenta. 

Drake  (5),  also  utiliain/?  rat>id  tissue  testing,  reported  a  fair  degree 
of  correlation  hetween  plant  tissue  test,  fertilizer  applied,  and  yield  on 
Alabama,  fteorgla,  and  Mississippi  soils.  He  concluded  that,  in  general, 
nitrogen  was  the  major  factor  limiting  com  yields. 

Leaf  analyses  have  heen  used  not  only  to  study  nutrient  uptake,  but  also 
to  predict  fertilizer  needs  for  com.  lyner  (12)  proposed  critical  lower 
limits  for  content  of  major  fertilizer  nutrients  in  the  sixth  leaf  of  the 
com  pl»nt  at  tasselin,?  time.   These  limits  were  2.90  T?er   cent  nitrogen, 
,295  per  cent  phosphorus,  and  1.30  per  cent  ^otassiuM. 

Much  of  the  previous  investigation  has  "been  with  com  leav«s  senpled 
at  or  near  tasseling  time.  Certain  investigators,  Tyner  (l2)  and  Tiets,  et 
al  (13),  have  studied  leaf  samples  taken  at  various  stages  of  growth,  Knauss 
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(8}  studiod  the  nutrient  etatus  of  corn  leaTes  selected  at  two  etegefl  of 
grovth  \iader  Xansee  conditions.  Howerer,  no  InTeeti^ation  has  1>een  conducted 
in  KansRS  In  order  to  ersluete  earlier  sRBrpllngs,  For  thie  refi«on  leaf 
aanples  were  ^sthered  at  atagee  of  growth  earlier  than  tasseling  ae  well 
M  at  tasseling  time  end  after  taseellng, 

Certrin  relatiottfshlpe  hare  T)een  reported  l>etwe«a  rarlous  nutrients  in 
the  com  leaves.  Bmmett  (S)  reported  increases  in  phosphorus  content  with 
Additions  of  nitrogen.  Xnaoiss  (8)  reported  na|^esir»-pota«sitiB  relation" 
ships  in  com  lesTes.  SBanst  also  reported  a  linear  relationship  hetwees 
the  exchangeable  potasslun  in  soil  and  per  cent  potassiua  in  com  leares. 
fietSf  et  al  (13)  reported  that  the  sujb  of  cations  for  each  treatasnt  was 
nearly  constant. 

lUfraiALS  JffiO  MITHODS 

Ohsadeal  Analysis  of  the  Soil 

Soil  material  fTon  the  experinental  sites  was  aa&aljsed  hy  methods  siadlar 
to  ones  eaploTOd  in  the  Kansas  itete  soil  testing  laboratory,  fhm  laboratory 
determinations  included  pE,  lime  retirement,  arailable  phosphorus,  exchange- 
able potassium  and  organic  ae.tter. 

The  jSL  of  the  soil  was  determined  by  use  of  a  Beekman  glass  electrode. 
Ten  mis  of  water  were  added  to  10  gns  of  soil.  The  mixture  was  stirred, 
allowed  to  stand  for  15  minutes,  stirred  again  and  then  the  determination 
made.  Lime  reqfairement  was  made  on  eadi  saqsle  by  using  Woodruff 's  buffer 
(14).  Twenty  mis  of  the  buffer  solution  were  added  to  each  of  the  samples 
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and  after  30  rainutes  the  pH  was  ag«ln  determlntd,     for  every  tenth  of  a  pH 
unit  under  ^K  7,0  one  thousand  pounds  of  lime  per  acre  were  reconBended, 

ArailaMe  Tjhoaphoras  wa»  determined  by  a  modification  of  Brey's  «ul- 
fonic  acid  reduction  colorinetric  nethod.     The  extracting  solution  wae  0,026 
H  HOI  plus  0,03  N  BH^r.     The  extracting;  ratio  of  soil  to  solution  was  1  to 
SO  (Saith,   et  al,   11),     The  Erelyn  photoelectric  colorimeter  was  used  to 
measure  intensity  of  the  color  produced. 

In  order  to  deteirmlne  exchangeable  potassiura  in  the  soils,   5  grag  of 
soil  were  shafcen  for  10  minutes  in  1.0  N  HH^OgHgO-,,  pH  7,0.     After  filtering, 
20  mla  of  this  solution  were  added  to  2  mis  of  solution  containing  1100  ppa 
Lithium  as  LiU03,     The  resulting  solution  was  passed  through  a  Perkln-Slaer 
flane  photometer  and  the  content  of  potaasiua  determined  by  use  of  a  standard 
ourye. 

The  orjirenlc  nstter  of  the  soil  vae  determined  by  Peech's  titration 
method  (9),     Barium  dlphenylamlne  sulfonate  vas  UMd  as  the  Indicator, 

The  results  of  the  soil  tests  are  recorded  in  Table  1. 


Table  1,     Oheraical  properties  of  soil. 


Farm  snd 
Location 


:'oun::3  per  acre 


:   pH  :   Organic  j     Liae  zArailable  :  Sxchan^eable 
:     :   raatter   {   require-: nhosnhorus  :  potassium 
i     :     ^     i     neat  « j 


Joe  Canpbell, 
BossTille 


6.7 


Bosooe  Ellis,  Sr. ,   5.8 
Haven? vi lie 


1.88 

3.99 


3,000 
2,000 


14 

126 


480 


640 


IT 

fvo  locations  vsrs  vised  ia  this  •xporiaest,  loth  In  aorthAastom  K&bms, 
fh«  tsTilliztr  troEtnents  w«r«  different  at  eech  location.     The  soil  test 
results,  presented  in  faMe  1,   indicated  that  the  Ellis  farra  wai  suffieientlj 
hi|^  in  hoth  phesphorufl  end  potasslua  to  malce  additions  of  these  elements 
nnnecesearj.     Because  of  this  only  nitro^«a  treatodnts  vere  eaployad.     A 
randomised  lloek  design  wae  ueed  for  this  location. 

The  treatmmts  used  at  the  Bills  fam  are  listed  in  Ta"ble  2.     The  treat- 
ments vere  designed  to  glre  a  ooTsparieon  hetween  three  different  nitrogen 
carriers,  ^^0^,   (^^^)2^^4,  and  HHgCOMHg.     Also,    sidedreesinge  of  nitrogen 
wer9  compared  with  applications  made  at  planting, 

Tahle  2.     fertilizer  treatments  employed  at  the  Boseoe  Xllis,   Sr.   farm 


Treatment     i 

Pounds  H  t>er  acre       t 

Ttp*  of  nitrogen 

Ho.           1 

I 

So 

treatment 

8 

20 

40 

^l 

4 

ft 

80 
120 

W^3 

• 

160 

EH.K0, 

f 

20 

• 

40 

(114)030^ 

• 

80 

(lH.)2S0l 

10 

lao 

(HH.)   SO. 

(rapfsot 

11 

160 

12 

20 

mijkmJ* 

13 

40 

B^CQKKg 

14 

80 

UUOOBHo 

15 
16 

120 
160 

1kS3S^ 

17 

40 

1^0.         SD^ 

18 

80 

WEhKC        SB 

19 

120 

1»0§         SB 

20 

40 

(™4^2^4  SD 

31 

80 

(ra^iffi.  SD 

22 
23 

120 
40 

(»«4)2S0.   SD 
■IgOof  Ig*  SD 

24 

80 

VSi200SE^     SD 

1  fertiliier  sidedressed 


It 

Soil  t«9t  information  for  the  CaRpt>oll  farm  indleatod  that  com  at 
this  location  night  respond  to  applications  of  starter  fertilizers.     Ther»- 
fore  a  split  plot  design  was  used  earplejriBg  different  starter  fertilisers 
for  main  plots  and  rates  of  nitrogen  as  euhplots.     The  sterter  fertilizers 
vere  handed  in  the  rov  at  planting  time.     The  nitrogen  was  hroadeast  in  the 
form  of  (114)280^  or  applied  as  anhTdroas  IH^  Just  prior  to  plaatlni;.     The 
treatments  are  listed  in  Tahle  3. 

Tahle  3,     Pertlll^ser  treatnimt?!  trnploytA  at  the  Joa  C«nnT>ell  fam. 


?r9a!;ra«(it 

:   "ovrnd'?  yf  11 

Ko.       1 

Starter  fertiliser 

:        Der  acre 

1 

Ko  treatment 

0 

a 

0 

80 

1 

0 

120, 

4 

0 

120 

f 

0 

160 

• 

15-16-0 

267#/A 

0 

f 

15-15-0 

2OT#/A 

80 

• 

15-lS-O 

267#/A 

130, 

• 

15-16-0 

287#/A 

120 

10 

15-15-0 

367#/A 

180 

u 

13-13-12 

333#/A 

0 

IS 

13-1?-12 

333#/A 

80 

19 

13-13-12 

333#/A 

130, 

14 

13-12-12 

333#/A 

120 

11 

13-13-12 

333#/A 

160 

U 

10-20-0 

200#/A 

0 

IT 

10-20-0 

200#/A 

80 

U 

10-20-0 

300r/A 

120. 

It 

10-20-0 

200#/A 

120* 

to 

10-20-0 

200#/A 

180 

SI 

10-30-10 

200#/A 

0 

39 

10-20-10 

200#/A 

80 

St 

10-20-10 

200#/A 

120, 

U 

10-20-10 

200#/A 

130 

35 

10-20-10 

200#/A 

160 

1. All  of  the  nitrogen  except  that  marked  (•)  was  applied  as  (HH^)2S0a 
Anhydrous  WU  was  used  for  treatments  marked  (*).  ♦  *?    « 
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ColltetloA  aad  Pr«par&tloa  of  Leaf  Saapl«a 
for  Aaalyglt 

Xh«  fehird  leaf  from  the  !»&••  of  th«  corn  pXaftt*  was  us«d  in  this  i»- 
▼estigatlon.     'Ihe  loaf  aaaploa  w«re  gathered  at  ▼aiylSf  «tag«t  of  growth 
M  follows! 

1,  first  saapiing— com  approxlmatoly  1  foot  tall. 

2,  Second  saji^lin^-com  approiiinately  3  feet  tall. 

3.  Third  &aaplini^~eor&  tasseliog. 

4.  foxirth  taapline—ccm  in  etrly  ear  stage,  pollinstion  eonpleted. 

1,  Tirst  ftaarollBit— cora  egpproximetely  S  fett  t&ll, 

2,  Second  aaapling— com  tasseling. 

3,  Third  sampling — corn  in  early  ear  Btage,  pollination  completed. 
7h«  eldedreaaed  plots  at  the  Ellis  fam  were  eai^led  at  the  Inst  tw 

«%ages  only  heceuae  the  sidedreseiac  vae  not  applied  until  shortly  after 
the  first  sampling. 

After  eaapling.  leaf  eaoBples  were  dried  at  approxlaately  60  degrees 
centigrade  for  throe  to  fire  days.     They  were  then  ground  in  a  Wiley  Bill. 
•Rie  saaples  were  dried  in  an  oven  at  100  degrees  centigrade  for  48  hours 
prior  to  weighing  for  analysis. 

OhsBleal  Analysis  of  Corn  Leares 

Hm  com  leares  from  the  Illis  farm  were  analyzed  only  for  nitrogen 
content  heecase  nitrogen  was  the  only  fertilizer  nutrient  added.     A  one  i^ 
saqple  of  the  ground  t>lant  material  was  used  for  the  determination.     The 
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Ejaldahl-Ouiminc  nethod  (l)  ttfith  sll^t  modi  ft  cations  vres  us«d  for  this 
analjsls. 

Th»  l«af  samples  fron  the  Oamptell  fisra  were  anrlyzsd  for  nltrogcr.  by 
the  method  prerlonsly  dascrlhad.     Also,  they  ver«  ^inalyjjed  foT  Ifa,  K,  Oa, 
Mg,  and  P,     All  deternlnationa  except  nitrogen,  were  »ad©  Ufslng  a  wet  diges- 
tion procedtire  cxi  the  plant  naterlal. 

fhe  digestion  procednre  lis  eesentially  that  prescribed  by  Barly  (6), 
One  gm  of  ground  plant  »aterial  was  placed  in  a  150  al  hesker.     Fifteen  nl« 
of  ooneentrated  BHOg  were  raixed  with  the  plant  auiterl.';!  and  allowed  to  stand 
for  30  minutes.     At  the  end  of  30  minntes,  10  nls  of  water  and  8  lals  of  eon- 
cantrated  HOIO^  were  added  to  the  mlxtvire.     The  aixture  was  corered  with  & 
•  vatch  glaes  pjA  placed  on  a  stean  plate  for  three  hours.     After  heatian 
on  the  eteaa  plate  for  three  hotu???,   the  sides  of  the  "beaker  were  washed 
down  with  water,   six  glass  he.nds    /ere  added,    and  the  sA?!iple  placed  on  «« 
eleetrlo  hot  plate.     The  ttoperatere  of  the  hot  plate  '^/as  adjusted  until 
th*  solution  boiled  ijently.     I!Ke  samples  were  removed  frai  the  hot  plate 
when  the  solution  became  clear  and  dense  white  foaes  were  erolred.     The 
t«q>erature  of  the  hot  plate  is  reduced  and  the  samples  taken  to  dryness. 

The  saBples  were  dlssolTed  in  25  mis  of  1  K  BCl.     After  the  acid  was 
added  they  were  heated  for  46  minutes  on  a  steaa  plate,   after  vhioh  they 
were  filtered  into  100  ml  Tolumetrlo  flaek  and  diluted  to  roluae  with 
distilled  water,     fhe  procedure  for  determining  each  Ion  is  glren  briefly 
in  the  following  pamgrssshe. 

,2M43aa  ia  *h«  plast  digest  wee  determined  photometrically  "ty  use  of 
a  Beek»»n  spectrophotometer  with  a  fLame  attachment.     A  jAot  omul  tip  Her 
was  used  to  Increase  the  sensitivity  of  the  Instrument.     The  method  of  enaljslt 
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«a«  basttd  on  so^geations  ^ren  in  the  Bedcncm  lialletln  (?).     Af%sr  loeatloa  of 
the  sodltm  lln«,  J?91  mx  on  this  Instnunent,   the  Instmnent  vrns  ndjnsted  to 
100  per  oent  tranonlttsney  for  a  coTic*>ntr?tlon  rangs  of  '^4  ppB  sotSiUB.     A 
«t«tidp.rd  ourre  '/w  nede  uslnK  BaOl  oolntlens  in  0,S5  9  RJl  ?.9  standfTde, 
Oalelxja,  Mg,  and  K  wer©  addad  to  the  sodinw  Rtandards  In  the  «pproxln»te 
conoentrfttlons  that  voro  antielr>p,t«d  to  "hm  Jn  thp  ^'^ent  digest.     The  •unknown 
solution  wno  pasted  throiv?h  th*  fl^ne  pni'  the  per  cont  treandttanflgr  vaa 
rMd  and  then  oomrfired  to  the  «!t.'-ndsrd  cttto. 

(^al  civ^  in  the  di<;ef»t  was  detersilned  hy  a  nothod  slnllar  to  the  ahoro 
method  for  Bodlxai,     The  eelolttB  line  w&»  located  at  586  mi  on  this  Instrowenl. 
Aftar  the  cfllcltuB  line  '^ee  loopted  the  Instrunent  was  adjusted  for  a  range 
of  0-100  prsi  ealelw.     The  unknoim  solution  was  Tinssed  threap  the  flaso  and 
the  per  oent  tranenlttancj  road  rrA  then  eowpared  to  a  standard  curve, 

Maf»^awiti»  in  the  plant  dlreet  was  determined  hjf  pa««t5rf:  the  unknown 
solution  through  the  flame  photometer  ualnr  the  determined  nagnegluw  vare- 
len^th  of  285.6  m  after  the  InBtruHsent  h*»d  heen  adjusted  for  a  concentration 
rango  of  0-40  ppa  nagnesltm.     The  tser  cent  trensinlttaney  wf  s  read  end  the 
reading  compered  vith  a  standard  curre  pi^arod  hjr  the  ueo  of  standards 
■•do  froa  Boci^oslua  rlhUin  dissolred  in  C.25  IS  EOl.     At  tiae  true  with  all 
standards,    the  Ba^nosiua  standards  contained  aaounts  of  otJaer  ions  approxi- 
Mttelj  equal  to  the  ion  content  of  the  plant  digest. 

^hoa^hon^if  concentration  in  the  di/^st  solution  «ae  determined  hj  the 
aolyhdeauB  hlno  aethod  as  proposed  lay  Bray  (4).     A  2  al  ali<2aot  of  the  di^st 
vas  diluted  with  distilled  vetor  to  a  -rolvw  of  50  als  in  a  Toluaotrlo  flask. 
Ihfo  mis  oaeh  of  (HH^)j^oO^--HOl  solution  and  l-aTBino-a-naphthol-4-sulfonio 
acid  in  solution  with  ««2^8  ®"*  ''^a^S^S  **•  added.     After  15  alnates  the 
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Intensity  of  the  color  d*relop«d  vea  neasuroil  l)y  u«e  of  m  »r*lyn  photoelectrle 
colorimeter  with  a  660  m  filter  In  piece, 

The  per  eent  transwlttancy  ws.s  fleterrrined  >ni  conpnred  tc  a  rcrr^  9eAm 
fpos  known  concent  rat  Ions  of  DlgPO^. 

fpta^glUM  content  In  the  digest  va«  Aetetwlned  Tsy  «««  nf  the  Berstanr^n 
fl«M  photoaeter,     f-'O  nla  of  the  di^s^ft  v«Pfi  AilHt«*a.  to  voltwe  In  p  100  isl 
▼olu-nietrlc  flask,     fh«  solution  v."  -^isied  through  the  fl?«e  after  It  had 
"been,  adjusted  to  the  :>ota<«^lvja  line,   m  wl  mA  «t'»d«trtlTed  vlth  a  XCl  «ol»- 
tion  for  -  ooncent ration  rra^e  of  0-15  '^pw  potassltm.     The  p*r  -sent  trfms- 
iBlttfmoy  was  read  and  coBm«fed  '.flth  a  standard  <mrT»», 

siscDssxGH  oar  bssdlts 

Iff tre^^en  Sffeete 

flu  data  for  nitrogen  content  of  corn  learei  are  reported  in  faltlee 
4  to  8  indttaire.     Tigaree  1  and  2  present  graphically  the  nitrogen  content 
of  the  com  leasee  for  certain  treatments  at  rarioui  stages  of  growth, 

ffiBW  of  ssgipliBg  is  very  important  insofar  as  mitregea  content  of  com 
leares  is  concerned.     Ki^est  nitrogen  concentration  was  found  in  young  corn 
leares.     7he  content  of  nitrogen  declined  steadily  throughout  the  groxlcg 
season.     As  Indicated  hy  fig,  1,   the  rate  of  decline  is  greater  hetween  the 
first  and  second  saapliags  than  hetween  8uhse<{iimt  saiplisgs. 

ABplicatioa  of  nitro«:ea  e^lralwat  to  SO  pounds  Der  acre  en  the  Canphell 
farm  resulted  in  highly  significant  increases  in  nitrogen  content  of  com 
leaves  at  each  saapliag.     ApTslieatioas  of  nitrogen  greater  than  80  pounds 
had  little  effect.     At  the  tine  of  the  first  sanpling,  treatments  containing 


•I&rter  f«rtillz«rs  resalt«d  la  highXj  sisnifieaat  laer«as«B  In  nitros«m 
eoatttnt  of  eora  lasrst  at  aompartd   to  traatneati  oontalalae  ao  startsr 
f«rtills«rfl.  Howerwr,  la  all  salMcqasat  saBplia^s  startor  fertilizara  r*- 
•altad  in  a  d««r«as«  la  aitro^fla  eontant  of  eora  laaraa.  Xa  ao  eaaa  did 
iu«  of  anhydrous  BH^  resalt  la  a  sigaifioaat  differoaea  la  nitrogea  eontcat 
of  eora  laorat  a«  eovpanA  to  aqulTalaat  rat  at  of  (^4)280^. 

Addltioaa  of  aitrogea  fertiliser  at  the  21118  fsm  laereased  the  altregea 
eonteat  of  the  com  leares.  The  iacrease  was  •Igaificant  for  all  rates  of 
aitrosea  fertiliser  ahoTe  40  pouads  per  acre.  Applieatioas  of  aitrogm 
(Taater  thaa  80  poaads  per  acre  ceased  additioaal  iacreases  la  aitrogea  eoa- 
teat  of  eora  leares.  Eoverer,  these  additioaal  increases  vera  relatlTely 
less  thaa  those  caused  \j  q^licatioa  of  aitrogea  of  less  thaa  80  pouads  per 
acre. 

There  was  rery  little  difference  1>etveen  nitrogen  content  of  corn  leaTes 
froa  plots  which  recelTed  ecfolTaleat  rates  of  altrogen  froa  different  nitregea 
carriers. 

Iltrogen  content  of  com  leares  at  the  tine  of  second  saapllag  was  Uf 
creased  hy  sidedressings  of  aitrogea.  Howerer,  altregea  eoateat  of  com 
leares  from  sldedressed  plots  was  coasiderahly  lower  at  the  tiae  of  the 
seeoad  sampling  thaa  was  the  aitrogea  eonteat  of  leaves  from  plots  whldi 
receired  equiraleat  rates  of  aitrogea  at  plaatia/;.  At  the  third  sampling 
the  nitrogen  content  of  corn  leares  from  sldedressed  plots  was  not  sigaifi- 
eaatly  dlffereat  from  the  nitrogen  content  of  leares  from  plots  which  re- 
ceired equlralent  amounts  of  nitrogen  at  planting.  This  would  suggest  that 
Cora  leares  should  he  Basiled  late  la  the  seasoa  if  a  useAil  measure  is  to 
he  ohtaiaed.  This  is  true  particularly  where  com  has  heea  sldedressed  late. 
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It  If  difficult  to  •8teT5li3h  &  prtcis*  "critical  lowir  Halt*  vlth 
r««p*ct  to  nltro/gen  contained  In  the  Icarts  on  th«  "basla  of  on«  yen  datau 
HowtTtr,  frow  this  yaart  data  It  Is  8ass«st»d  that  tha  erltlsal  lowir  llaitt 
art  at  follewci 

«•«  3  f««t  in  height—— S.OOjJ  1 

Com  ta$eellaa»»— ~— — ~.— ^  -.■■- »^-„.. — -2,00%  I 

Corn  in  early  eay----— ■•■■——■•-— -..—-.^.^...^i^qo^  jT 
Jqe  Ca»ohelj[,  f^rfi 

Com  3  feet  in  helght--«>-»— >■»—>«-—»— .■    ■— — 3.lSji  I 

Cora  taaaellng — B.TBjt  V 

Com  in  early  ear > — 2.285(  I 

Higher  critical  lower  Units  on  the  Cawohell  fam  apparently  prerailed 
WMnnse  It  vas  an  Irrigated  field. 

Cation  Belationshlpt 

She  data  for  the  cation  content  of  com  leaves  are  rsfported  In  Tahlee 
9  to  16  and  31  to  3). 

<?ftMM»     Addition  of  nitrogen  reealted  in  significant  Increases  In 
calclTMi  content  of  com  leaTes  In  all  saxpllngs  and  highly  significant  increases 
In  all  hut  the  flrst  saapliag.     There  vas  Tery  little  difference  In  calclmi 
content  of  com  leaves  due  to  different  r&tes  of  nitrogim  iq)plled  «s  (M  )  SO., 

4  2      • 

Use  of  anhydrous  Ilg  ac  a  source  of  nltrog«a  resulted  In  a  higher  srerac« 
calclTffl  content  than  did  use  of  en  equivalent  aoount  of  nitrogen  from  (HH.)  SO., 
Ipplicetlon  of  starter  fertilizers  gave  highly  slgnlflcAnt  decreaaes  In  calclmi 
content  of  com  leaves  at  tlae  of  first  eaj^llng.  However,  there  vas  little 
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difference  in  calcium  content  in  corn  learea  due  to  application  of  starter 
fertilizers  at  time  of  later  aamplings.  In  general,  calcium  content  of  com 
Isaret  at  the  tine  of  first  sanrpling  was  lower  than  at  later  s8Tnplin#;t. 

Majmeaiua;  Magnesium  content  of  corn  leaves  was  significantly  increased 
at  each  seapllng  date  by  the  use  of  nltroj^enous  fertilizer.  In  jseneral, 
additions  of  nitrogen  as  anhydrous  HH3  resulted  in  lower  megnesitun  content 
in  the  com  leaf  than  did  addition  of  equirelent  amounts  of  nitrogen  applied 
at  (1^4)2804.  This  effect  was  highly  significant  at  the  third  sanpling  date. 

MagnesivuB-potassium  relationships  were  in  eridence  at  the  tine  of  first 
•ai^ling.  Ap-nlicetion  of  potassium  decreased  the  magnesium  content  of  corn 
leares.  In  general,  the  use  of  any  starter  fertiliser  tended  to  decrease 
the  magnesium  content  of  com  leaves  at  all  samplings. 

PotassiTia;  Application  of  starter  fertilizers  which  contslned  T)ota«- 
siTjm  resulted  in  highly  significant  Increases  in  potassium  content  of  com 
leaves  at  the  time  of  the  first  three  samplings.  The  fourth  sampling  re- 
flected no  significant  effect.  An  increase  in  potassium  content  of  com 
leaves  at  time  of  first  and  third  samplings  was  caused  hy  starter  fertilisers 
which  contained  no  potassium.  This  possihly  could  \>e  attributed  to  the 
release  of  some  fixed  potassium  from  clays  by  starter  fertilizers.  Further 
evidence  of  such  release  of  potassium  was  furnished  "by  treatments  which 
included  anhydrous  HH3.  In  every  case  the  average  potegsium  content  of 
com  leaves  from  plots  receiving;  anhydrous  HHg  was  greater  than  that  in 
leaves  from  plots  receiving  (^4)2^04  in  such  amoxints  as  to  supply  the  same 
(juantity  of  nitrogen.  This  effect  was  significant  in  the  third  sampling. 

Sodiu^:   Sodium  content  of  com  leaves  was  so  snail  at  time  of  each 
sanpllng  that  it  may  he  considered  of  little  importance  in  the  nutrition  of 
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eom.     ?h«  third  •aKpllsi;  i^ov«d  a  siAmifie&nt  Incrsaa*  in  •odim  ooat«i% 
<faw  to  i^Dliostlon  of  nltro/^asout  fortlllrtr*     2n  th«  fourtk  tMQiliac  tiM 
aoditm  eon^ant  of  com  l«aT«fl  trtm  th»  10-30-10  trttatn«nt  vr«  sS<^1  f  1  owntljr 
ipr«ftt«r  tnan  aodiua  ooat«&t  ox  tm  aorn  !•&▼•«  i'roa  ei&Mk  plota« 

?k»4plMftt«  x*l»tlo«id:ilp« 

Ami  d«%«  f«r  tha  pfetotphorua  oontcmt  of  oora  X««res  em  r«pert«d  ia 
fcM«fl  17  to  30  InelutiTt. 

yiMVpborus  eontont  of  eon  l««f«a  drop;^  Mjcfcodlj  ^tvoon  tho  firtt 
•Ad  •oeoaA  Mnplingv,     fhovo  waa  rmry  littlo  rariatloa  ia  phoaphoraa  content 
for  tho  lant  throo  aRnpllnits.     Addition  of  atartor  fortiliaora  roaultod  In 
hli^ljr  alxalfleaat  Inoroaaoa  la  pboaphenia  oeataat  of  eom  loavaa  ia  all 
Init  tba  aaoond  ta^pliaf  • 

AddltlMis  of  nltrogOB  iaoroaaod  pll»apliora«  oontoat  in  tha   firat  two 
a«ffplin#;a.     ?hla  Ineroaao  vaa  ali^ifieant  ia  tlw  oMond  ••Mpliac.     ?h««ro 
vaa  Tory  littlo  diffor^noo  in  T^hearvhorua  oontont  duo  to  application  of 
nitroirawoaa  fortllltor  at  lator  aac^liat** 

faUt  4,     Hitre^iiOB  oosoentratlon  of  com  lonvoa  (RofMo*  lUie,  Sr.  fara). 


Troa^nont 

— =    '   .''  ^  "    1  '■  '.11 1'     '  s  !  ■!,  "!■  .,'1  "„  ,1.:  ,1  ,'  ',  ■  ;■  !'„.  1,11  i'  1  '  1   ;;■,,'  i         ,  ■  ,. j,i  .■■?» 

Sa- 

•    l«t  a^mllM      1 

1 

a.4a 

1.92 

1.07 

a 

a.  48 

a.  11 

1.56 

3 

2.63 

8.34 

l.Sft 

4 

3,07 

S.53 

1.97 

5 

3.32 

2.62 

3,09 

6 

3,34 

2.73 

2,20 

? 

2.«6 

S.IO 

1.47 

6 

2.77 

2.39 

1.70 

9 

2.92 

3.51 

1.88 

10 

3.0« 

2.«2 

2.16 

17 

TaDl«  4  (cont.) 

Trtatnent 
fa. 

t     Par  cent  nit»o«an  in  tha  earn  laaTas^ 

1  l^t   9aai;»^^nj>  t 

2nd  aamlin*  i  3rd  aawolln* 

11 

3.28 

2.68 

2.01 

U 

2.60 

2,18 

1.68 

IS 

2.T2 

2.88 

1.69 

14 

3.04 

2.81 

1.98 

If 

3.08 

2.62 

2.08 

If 

3.29 

2.66 

2.14 

If 

2.0S 

1.78 

li 

2.86 

1.86 

It 

2.16 

1.69 

flO 

1.98 

1.69 

81 

2.09 

1.68 

U 

2.06 

1.63 

3S 

2.84 

1.78 

24 

2.28 

1.86 

L.S.D.  (,06) 

M 

*80 

.81 

(.01) 

•St 

.8? 

J» 

fable  5.  Vitroeen 

concentration  of  corn  leareiL 

first  aanplinc 

(Joa  Oaapliall  fam). 

Startar      t 

rartllizar     i- 

fraataant      x 

lltracan  eontant  of  corn  leaTes  ir>%T 

cent)l    J 

Ararat 

(M       t       BOB      t 

ISOH   I 

12(^» 

t   1601  : 

Voaa 

S.Tf     3.93 

4.08 

4.06 

4.34 

4.03 

16-16-0 

4.18     4.89 

4.38 

4.34 

4.42 

4.88 

13-13-12 

3,98     4.1? 

4.26 

4.28 

4.46 

4.28 

10-20-0 

3.74     4.06 

4.3r 

4.28 

4.39 

4.17 

10-20-10 

3.76      3.98 

4.80 

4.12 

3.97 

4.01 

A^araca 

3.66      4.09 

4.28 

4.21 

4.33 

L.S.D.  for  BltrBgen  traatnents  (.05) 

.16 

(.01) 

.20 

L.S.O.  tvt   atartar 

fertlli sera  (.06) 
(.01) 

.14 

.19 

1  laeh  Talua  reported  is  &n  areraga  of  four  replieationt 

1. 

2  Applied  aa  anhydrous  HE^. 

Tatle  6,     Sitro^n  coaceatretion  of  corn  le&reb,    j>«cond  seicpXinu* 
(Jo*  Caap1>«U  fans). 


8%avt«r 

t 

' 

t 

rertiUaej- 

t     SitrogflB  cnntt^P^   nf  ^ 

iaxift  Jnf.fiTe& 

_L:££^cent)^ 

Ji  ATorsge 

Xt««»^S>«3^  ,. 

!             OS            t 

80H 

i 

13CH       t 

12CB*       ,      160H 

i 

Bom 

2.67 

3.16 

3.19 

3.32               3.3T 

S.12 

15-15-0 

2.45 

3.08 

3.12 

3.03               3.11 

r,96 

15-12-12 

3.41 

2.99 

3.02 

3.03               2.97 

2.88 

10-20-0 

2^43 

2.96 

3,S4 

2.96               3.01 

2.92 

10-20-10 

2.  08 

2.96 

3,08 

2.99               2.96 

2.93 

Arera^o 

2.62 

3.03 

3.13 

3,07               3,06 

L.S.D.    for  nitrogen  treataenta 

(.05) 

.13 

(.01) 

.17 

I..S.D.   for 

starter  fertilisers 

(.06) 

.06 

(.01) 

.08 

1    Sach  value  reported  is  an  aTera#?e  of  four  replioatioas 
S    Applied  as  anhydrous  KB3. 


fable  7.    Hitro^en  ooneentratloa  of  cora  leaTes,   third  sai^liBg 
(Joe  Caispbell  fara) 


Starter 

: 

"  ' 



' '^^•■ 

■— — — 

} 

rertiliaer 

1  _    litroffen  conten 

t  of  Gora  :^^Tee  (oer 

MBl 

i6as 

2.64 

J  Arerace 
J 

fraatafnt 

:          OS 

} 

80H 

I       12m       1 

IZCS'i 

t 

Koae 

2.34 

2.75 

2*78 

2.64 

2.86 

15-15-0 

2.13 

2^68 

2^70 

2.65 

2.76 

2.56 

13-13-12 

2.13 

2.66 

2.68 

2.48 

2.66 

2.52 

10-20-0 

1.99 

2.80 

2.83 

2.  59 

2.64 

2.58 

10-20-10 

2.12 

2.52 

2.66 

2,72 

2.53 

2.5X 

Arerace  2.14     2.66  2.68      2.62      2,69 

L.S.I).  for  aitrogea  treatmeate  (.05)  .12 

"'^-  (.01)  .17 

L.S.D.  for  Bt&rter  fertiliaers  (.05)  .08 

(.01)  ,U 


1  Saeh  Talue  reported  is  aa  arersge  of  four  replieatioae. 

2  Applied  as  aahydrous  HH3. 


fM»l«  8.    9fitroc*»  aoaMBtrcttlon  of  eorn  !•«▼•■,  fourth  aairlivg 

(Joe  C?japWll  f«ra). 


Starter 

t 

: 

rtrtlllMT 

1     »l^ 

BM 

J   AT«racft 

fra&fesAAt 

i'      OK 

-JL- 

» 

V«M 

1.77 

2.23 

2.17 

2,19 

2.26 

2.1* 

16-15-0 

1.79 

2.16 

2.  as 

2.15 

2.17 

2.10 

L^-iswia 

U74 

2.1« 

2.27 

2.10 

2.12 

2.0S 

10-30-0 

VM 

8.1« 

2.16 

8.06 

2.1T 

a.01 

10-?0-10 

I.M 

3.  It 

2.2X 

3,12 

2.22 

3.0t 

AT«r«e«  1.77  2.17  2.21  2.12  2.1» 

L.S.C.  tar  nltre««B  trvatnanls     (.OS)     .09 

<.01>     .13 


7«:bl«  9.    caoltai  eoBe«ntraUo&  of  corn  Imtm,  flrtt  •oq^liaf 
(Jo«  OMpWll  tmtm). 


8tari«r 


mmamm 


y«rtlUs«  »  Calel—  ai^at>iit  of  aora  l«aT—  (pfr  e— *)V^     »    AT«ra«« 

fraatMBt  i       OK       t         8(M     I  1201 1 IgflF     | IWf     t 

XOB*  ,182  .270  .SIB  .2?2  .229  .334 

15-16-0  ,142  .172  .164  .166  .Iff?  .1«4 

l?ui».i2  .ISO  .146  .132  .!«  .146  .140 

10-20-0  .136  .149  .142  .138  .136  .140 

lO-SVlO  .121  .183  .128  .143  «m  .129 

Arcraf*  .142  .174  .168  .167  .188 

L.S.C.   tor  altrogaa  tMatMiit*    (.06)  .019 

L.S.B.  for  ttartor  fortlllsara     (.05)  .026 

(.01)  .039 

1    Saeib  Taltt*  ri|)on«d  la  an  aTwrsKO  of  four  raplloationa. 
a    ippllvd  M  aaliydrwaa  H^. 


fabl«  10.  GaleiUB  eono«Btratioa  of  oom  learas,  seeond  MBpllac 
(Joe  Cai^l)*!!  fern). 

Startar       «  ^    t 

fartilixar     t        CaXeitaa  content  ef  com  learas  (pgr  eant)     i  Arerac* 

ffataaat      t   OB    :   SOW   I  120P  I  IZCM'^      I      ISQW  t 

leaa  .3M     .386     .344  .2^      .33T     .360 

15-15-0  .364      .409      .439  .462      .434      .420 

12-12-12  .388      .406      .420  .467      .399      .416 

10-20-0  .303      .448      .458  .451       .405      .413 

10-20-10  .496      .462      .461  .449       .434      .460 

Arera^e  .375     .482     .434  .446      .408 

L.S.D.  for  nitrogen  treatneate  (.05)  .040 


Ta1>le  11.  CaleltuB  eoneeatratioa  of  corn  leeree,  third  eaapliac 
(Joe  Caapbell  fam). 


Starter 

s 

— " 

: 

Yertlliser 

1         Oalcltw  content  of  com 

learea  (ner 

oent)l 

J  Arere^ 

^atmea^ 

:       01 

1 

am 

ui 

? 

i2or' 

:     leos 

« 

VOM 

.320 

.370 

.317 

.429 

.323 

.352 

16-1&.0 

.323 

.503 

.446 

.470 

.422 

.433 

12-12-12 

.387 

.472 

.446 

.410 

.389 

.4a 

10-20-0 

.354 

.478 

.408 

.403 

.413 

.4U 

10-20-10 

.346 

.400 

.8X1 

.469 

.398 

.428 

ATerace  .346     .444     .425      .436      .389 

L.S.D.  for  nitrogen  treataeate  (.05)  .039 

(.01)  .062 
L.S.S.  for  starter  fertilitere  (.05)  .065 

1  Sadi  ralue  reported  is  en  aTerage  of  four  replications. 
9.  Applied  as  anhTdrous  HS3. 


«L 

7aU«  12. 

Oaleiim  oemeentratioa  of  com  leares, 

fourth 

s asp ling 

(Joe  Casp^ell  fara) . 

Start ar 

1 

.1 

t 

Y«rtiUzer 

»         OalciOTt  content  ol 

'  ^nn  ''•^▼"s  t-^ej* 

c«n^)^ 

J  ATeraga 
,L 

:       CSS      I 

RON       : 

rpm     : 

irm-'i 

J     l^^ 

None 

.389 

.389 

.340 

.457 

.854 

.384 

15-15-0 

.343 

.414 

.404 

.432 

.398 

.398 

13-13-12 

.374 

.393 

.396 

.434 

.406 

.400 

10-20-0 

.318 

.428 

.426 

.438 

.422 

.407 

10-20-10 

.371 

.389 

.384 

.464 

.392 

.398 

AT«rac« 

.365 

.408 

.892 

.443 

.394 

L.S.D.  for  nitrogen  treataente     (.05) 

.029 

(.01) 

.039 

TaT»le  13. 

Magnesium  concentration  of  < 
(Joe  Caa^'bell  fam). 

som  leare 

8,  first 

saBTJling 

Starter 

: 

cent)^ 

r 
t 

fertiliser 
treatBent 

None 

«  yiBtfBf  ftlM  pwtttent  of  com  leareR  (   er 

^j   Areraga 

t       Gi       t 

801       t 

1201       J 

12(W2 

I    lem 

.214 

.273 

.260 

.235 

.251 

.247 

16-15-0 

.2tB 

.278 

.253 

.290 

.260 

.270 

13-12-12 

.198 

.195 

.212 

.192 

.202 

.199 

10-20-0 

.201 

.234 

.208 

.169 

.316 

.226 

10-20-10 

.188 

.228 

.199 

.158 

.144 

.183 

Arerage 

.213 

.242 

.226 

.209 

.236 

L.  S.  D.   for  nitrogen  treatments  (.05) 

.022 

L.  S.  D.   for  starter  fertilizers  (.05) 

.019 

(.01) 

.027 

1   lach  Talue  ret>orted  is  an 

arersge  of  four  rep 

li cations. 

2    Applied 

as  enhjdroas  KIg. 

talkie  14.     NacMtlua  ooneentratiott  of 
(Jo*  OBiip¥«ll  fan). 

oom  laarot,  saooaA  MNpliac 

m 

Avarafl* 

6%art«r               t 

Hrtlllser            iJ&flBUlB&JHUBinl.JlX  fiOtft.  118111  (wg  8881 
fna^ipMit               t       08         1       60^       t     12011       t       120p       T 

1608     1 

8an«                           .IBS           .313 
15-15-0                       .183            .948 
13-13-18                     .180            .167 
lft-aO-0                       .334            .334 
10-20^10                     .388            .288 

A«w«t«                       .SBf            ,388 

X*.S,D.  fior  nltroffon  trastamtt    (.06) 

(.01) 

It.S.D.  for  ttartar  fartlllMrt    (.05) 

(.01) 

.378              .348 
.208              .203 
,368              .338 
.308               .331 
.305              .386 

,273              .377 

.080 
.040 
.040 
.086 

.888 
.174 
•808, 
.388 
.263 

.381 

.254 
.202 
.348 
.298 
.282 

faMo  15.    lUiBH—ium  eonoaiitration  of 
(Joa  Oaap^all  fan). 

eora  laaraa,  third  a«i9>llBf 

Startwr                j 
f*ipft«\4  Mv             i     ,)|M98tfin,  SBBlm^  9'  ^'^  laavM  (nar  earn 

J«»  .1. 

.279 
.838 
.318 
.384 
.384 

.279 

AT«ra«i 

.301 
.808 
.381 
.388 
.341 

fifj^fB^t               t       08         t       BOB       t 

12G1       1       laCBI''       t 

80M                                 ,1SSi             .338 
15-16-0                       .388            ,9m 
13-1».13                     .881            .817 
10-20-0                        ,170            .378 

10-20-10               ,188         .as 

iiVtrac*                       .280            .80S 

i.S.D.  for  ttitro«ea  trwitMBfta    (.05) 

(.01) 

fc.8.D.  for  ttartar  fartlllsars    (.05) 

(.01) 

.320               .312 
.338               .292 
.298              .208 
.836               .386 
.277              .838 

.313              .385 

.033 
.043 
.039 
.041 

1  laoh  TAlua  rasortad  la  an  airaro«a  of  four  rapHcRMons. 

2  Appliad  aa  eohydrotti  X8j|. 
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Table  16. 

Ma^aaltm  eoneaatratlon  of  < 

!om  learaa,  foarth  aai^lin* 

(Joa  Oaarp'ball  fam). 

Starter 
fartilizer 
fraatment 

Koaa 

t 

t     NajtnaeitDn 

t        GO         t 

content  r^t  corn 

1        « 
lesree  (per  cent)           t 

A!f9T»4S!^ 

Bm     t    i2as 

1       12013 

t     16011     I 

.233 

.311 

.261 

.260 

.254 

.264 

15-16>0 

.211 

.28» 

.288 

.267 

.242 

.249 

13-ia-12 

.339 

.223 

.258 

.256 

.273 

.280 

10-20-0 

.184 

.298 

.315 

.309 

.305 

.213 

10-20-10 

.210 

.246 

.286 

.208 

.172 

.384 

Araragt 

.215 

,269 

.278 

,260 

.249 

L.S.D.  for  nitrogan  traatmettt«     (.06) 

,029 

(.01) 

.038 

I..8.D.  for  atartar  fart  ill  tara     (.05) 

.018 

(.01) 

.028 

fabla  17. 

Phosphorus  eoncentratioa  of 
(Joa  Oanp'ball  fara). 

com 

Laaras,  first 

saKplia^ 

Starter 
Tart 111 rar 

:     Pho8T>hora9  conte«t  nf  enra.  leayes  (tier 

t 
aaat)l       » 

Arar&j-e 

frfftfi^ti 

t     on     t 

BC®       : 

^2GB 

I    ;?<?i* 

;    \^(W   i 

lona 

.318 

.2n 

.269 

.244 

.239 

.284 

16-15-0 

.461 

.537 

.607 

.476 

.607 

.498 

13-12-12 

.466 

.462 

.480 

.548 

.627 

.515 

10-20-0 

.611 

.510 

.669 

.484 

.087 

.628 

10-20-10 

.621 

.586 

.662 

.848 

.688 

,68? 

Araraca 

.463 

.461 

.47S 

.460 

.603 

Sl0iifioaat  Intaraotlon  batwaan  affaet 

a  of  aitrogan  aad  starter  fartillzare. 

L.S.D.  for 

starter  fertlllears     (.05) 

.101 

(.01) 

.142 

1    lach  Talue  reported  la  aa 

oraraea  a 

f  four  raplieatloaa 

■ 

2    %>i}llad 

88  anhydroua  n^. 

u 


Zftl>l«  18.     Photf^iua  eonocBtration  of  eom  l«aT«8,  sseoad  •eaQ}liBg 
(Jo*  Gaap^^l  tnrm). 


Start or 

t 

,     : 

Ur%iUft 

1       ?liosT?honi3  ooKtoBt  of  corn  Iostm  (nmr 

a«it)l     1 

AT«rac« 

.     m 

1, 

sriT 

1?C5?2       I 

1^    * 

loM 

.330 

.m 

.202 

.216 

.218 

.209 

16-15-0 

.210 

.266 

.241 

.225 

.233 

.233 

13-1»-12 

.212 

.382 

.224 

.234 

.214 

.22? 

10-20-0 

.207 

.2M 

.258 

.225 

.380 

,234 

10-20-10 

.29 

.819 

.255 

.254 

.890 

,246 

Mmeg*  .2X7  .243  .286  .231  .2^. 

L.S.D.   for  nitrogtn  tr«ate«tit«     (.05)     .020 


feibl*  19.     Phosphorus  concentration  of  com  loafroa,  third  aeBtpllBg 
(Joo  CaKpboll  fara). 


Starter 

t 

: 

yartiliaar 

l_ 

.jglMjnb 

ftxus  content  of  corn  learea  (^er 

^m^r 

_«  Areraga 

fTMtMBt 

t 

as 

t     em 

t      120B       { 

12CM2     J 

160B 

a 
a 

Hon* 

.209 

.181 

.188 

.302 

.319 

.300 

15-16-0 

.213 

.20? 

.232 

.219 

.218 

.218 

1^12-12 

.201 

.208 

,208 

.216 

.388 

.2U 

10-20-0 

.233 

.344 

.233 

.234 

.3» 

.231 

10-20-10 

.232 

.236 

.216 

.242 

.230 

.289 

*rara«a  .217     .213     .216      .223      .226 

Sts&ificaDt  lataraotlon  'batvaan  effects  of  nltrosan  aikd  starter  fartlllgers. 
I..S.D,  for  starter  fertilisers  (.05)  .016 

(.01)  ,023 


1  ladi  ralue  reported  is  an  ererage  of  foxir  raplioatlons. 

2  Aopliad  as  anhydrous  Bla. 


li 

fane  20. 

Phoenhemt  oeacentration  of 

com  " 

LeaTee,  fourth  saaipliaf 

(Joe  Campbell  farm). 

Starttr 

1 

a    « 

Fertn.l'5;er 

< ^Imyij^m  99^%m\ 

Qt  OTm  19^81,  iTSfl 

LfiSBil < 

Arera^ 

Treatment 

t       <M        1       80V      t 

l?OFf 

1        1?0F'5 

t     160«     I 

Hott« 

.207             .IM 

,200 

.202 

.202 

.?02 

15-16-0 

.234             ,218 

.230 

.219 

.222 

.224 

13-13-12 

.21?             .209 

.210 

.190 

.192 

.204 

10-20-0 

.214             .204 

.210 

.200 

.212 

.208 

10-20-10 

.284          .at 

.214 

.209 

.214 

.216 

Ar9TSie» 

.219             .209 

.213 

.204 

,20$ 

L.S.D,  for 

starter  fertilizere    (.05) 

.012 

(.01) 

.016 

Table  21. 

Potaseiua  oonoentration  of 

com  leares.  flret  sanpllBC 

(Joe  Oaapbell  faxs). 

Starter 

1 

e 
• 

■" 

lertilijier 
traatiMHt 

t       Potagflltm  oontant 

of  com  Iflp.Tea  (-nar 

I      160»     t 

Arersge 

t       OH       t         80f       1 

1^ 

1    I2ar3 

Sone 

4.62             4.29 

4.69 

4.58 

4.74 

4.56 

16-lB-O 

4.51             5.29 

4.9S 

5.17 

5.01 

4.99 

12-13-12 

5.15             6.39 

4.T8 

5.78 

5.54 

5.32 

10-20-0 

4.26             4.76 

5.66 

5.22 

5.81 

6.14 

10-20-10 

5.21             6.22 

5.71 

5.64 

6.20 

5.80 

Aroraf* 

4.T5            5.19 

5.13 

5.28 

5.46 

t.S.D.  for 

starter  fert ill sere     (.05) 

(.01) 

.46 

.63 

1    Saeh  ralue  reported  ie  an  8Terai;e  of  four 

replieatioB*. 

3    Applied 

£8  anhydroufl  I^. 

fattl*  22.     Pets'tssiTm  eoneentratioa  of 
(Jos  CaBiT)b«ll  fam). 

com  lesres,   seeond  seapllBf 

m 

Starter                I                                                                                      ,         s 
F«rtlll«:«r            1,  P^t9fffj|,\M,<sifint«iit  of  com  lee-ras  iner  cent)           I 

Arerage 

trMtamt               i        OK         •       80H      .• 

1?0N        •        1^«)H'      t        160K     1 

lOM                               3.44             3.69 

Ift-ie^                         3.78             3.28 
13-13-12                        3.59              3.44 
10-20-0                         3.77             3.69 
10-20-10                       3,82             3.W 

Artra^*                        3.68            3,0? 

L.S.D.  for  starter  fertllizwrt     (.05) 

(.01) 

3.55               3.T4               3,46 
3.18               3.60               3,32 
3.66               3.81               3.86 
3.38               3.79               3.70 
3.86               4.14               4.06 

8,  SI               3.80               3.68 

.28 

.40 

3.58 
3.40 
3.67 
3.66 
3.9« 

faMM  23.     Potasfiium  conoentri^tlon  of 
(Jo*  Cttnolxll  fara). 

eora  leaves,  third  eanpliac 

Starter                :                                                                                                 t 

Aver  see 

$r«atn«mt               t       OS        t        8QB      J 

12C1       t        120NZ     t        160H  i 

Hon*                              2.04            1.91 
15-16-0                         2.96             2.61 
13-12-12                       2.90             2.46 
10-20-0                         2.94             2,82 
10-30-10                       a.ie             2.80 

AT«ra«»                        8.76            2,46 

L.S.D.   for  nltrogoa  treatacatt     (.06) 

(.01) 

L.S.D,   for  starter  fertilizers     (.05) 

(.01) 

3.01                9.66                2,40 
2.38               2.78               2.60 
2.82               3.19               3.24 
2.58               2.64               2,44 
2.93               2.99               2.84 

2.54               2.83                2.70 

.21 
.27 

.29 
.41 

2.18 
2,6? 
2.9S 
2,63 

2,n 

1  Xacsh  Talue  renorted  is  aa  average  of  four  repliOAtioas. 

2  Applied  as  aahydrous  II3. 

37 


9aMe  24.     Potattlwi  eonwintratlon  of  corn  lear**,   fourth  saatpliim 
(Joe  Caap%«ll  fam). 


Starter 
fertilizer 

t 

1        Potaeeiura  content  of  com  leavan  f««r 

9tftt)^ 

I    im 

2.38 
2.35 
2.34 
2.48 
2.60 

I 

e 

frMtMUt 

1        OH 

t        SOS 

t      12Gff 

1 

2.62 
2.37 
2.42 
2.48 
2.41 

None 
16-16-0 
12-12-12 
10-20-0 

10-20-10 

2.64 

2,69 
2,61 
2.46 
2.76 

2.14 
1.91 
2.56 
2.20 
2.66 

2.48 
2.18 
2.30 
2,52 
2.69 

2.43 

2.28 
2.43 
2.43 
2.68 

Arerage  2.57  2.S7  2.41  9.46  2.43 

So  cignlfisant  differences 


TaWe  25.     Sodium  concentration  of  corn  leares,   first  eaoqpliac 
(Joe  Oampboll  fam). 


SUrter 

yertilizer 

: 

:            Sodium 

content 

of  com 

lecT 

es  (oer 

cent)^ 

t 
• 

Jt   Average 

• 

frettaont 

i        03 

? 

acw    t 

12C» 

t 

120H3 

:       160H 

Hotte 

15-15-0 
12-12-12 
10-20-0 
10-20-10 

.007 
.005 
.006 
.006 
.007 

.010 

.008 
.006 

.007 
.009 

.007 
.009 
.006 

.010 

.008 
.006 
.008 
.006 
.007 

.007 
.005 
.007 

.006 
.007 

.008 
.007 
.007 

,006 
.008 

Arera^e  .007  .008  .007  .007 

lo  significant  differsaees 


.006 


I    Xaeh  Talue  reported  is  an  arere^e  of  four  replications. 
3    A]>plied  ae  sohjirous  III3. 


t*M«  26.     SodittB  «RHio*atrtttion  of  eom  1mt»»,  moohA  tM^vlinc 

m 

Starter                t                                                                                              I 

ATor««» 

«0M                                .004             .002             .0':>4               .004               .'X)3             ,003 
16-18-0                          .OOa             .002             ,004               .004               ,004             .008 
ia-13-18                       .004             .006             ,004               ,004               .004             .004 
10-30-0                        .003            ,^S            ,004              ,004              .003            .003 
1.V20-10                       .003             .0n4             .003               .002               ,004             .003 

AT*r«ct                        «0Q8            ,003             ,004              .004              ,004 

Sl^lfieant  int«raetioii  b«tw««i  •ff«et«  of  nitroicen  and  •iartsr  f«rtllis«r«. 

fftllA  If.     Sodltm  eoaotBtr^tioB  of  oom  1«btm,  third  •tnrpllne 
(Jo*  CMQ>b*ll  t»rm). 

&t*rt«             t                                                                                            t 

Ar*r&g» 

9r.at».nt                t        OS       .          •(»     t        ISOi       I        120II*     |        ISW     I 

Horn                               .001             ,0-^2             ,001               ,001               .003 
lft-l5-0                         ,001             .002             .003               ,003               .002 

ia-12-ia                .002         .001         .003          ,oo«          .007 

10-30-0                         .004             ,00T             ,006               .006               .006 
10-20-10                      .003            .006             .006              .006              ,006 

ATvrac*                         .003             .003             .r>04               ,004               .006 

L.E.O,  for  altro«oii  trootMnto     (.05)     .001 

(.01)     .002 

.001 

.f>02 
.004 
.006 

,006 

1  Saeh  valao  roportod  It  an  amrac*  of  four  ropll  oat  ions. 

2  AppUod  a«  anhydrott*  KI^. 

Table  28.  Sodiua  ooaeentration  of  corn  lenres,  fonrth  seaplia^; 
(Joe  Caap1»#ll  farm). 


Starter 

t 

■"■■" 

'' ' 

t 

Tertlliter 

t          SodiUB 

content 

of  eom  learee  (uer 

eent)l 

„i   Arereft 

Treetaent 

t      as     ! 

BOFr     1 

t     urn 

t 

1208*^ 

^  , 

isQir 

i 

HoBe 

.008 

.001 

.008 

.003 

.002 

.003 

15-15-0 

.002 

.003 

.002 

.004 

.002 

.003 

lS-12-13 

.001 

.003 

.003 

.003 

.004 

.003 

l(>.20-0 

.004 

.r>04 

.006 

.005 

,004 

.005 

10-20-10 

.006 

.006 

.006 

.004 

.006 

.006 

Areras*  .004     ,008     .004      .004      .004 

L.S.D.  for  etarter  fertilizer'^  (.05)  .002 

1  Bach  Tclue  reported  is  en  arerafe  of  four  replications. 

2  Applied  as  enhydrouR  HiR^, 
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•H     01 

H  ec 
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O  r-4 
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00 
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NH4N0g  at  Planting 


n 

1st  samoling 


?      3 


0) 


825 


(^4)280^  at  Planting 


d  sai 


160N       2nd  samnling 


Urea  at  Planting 


20N  40N  SON  i2aN         160N         '^^°-  ^ 


Nitrogen  Sidedressed 


40N       SON 


Pig.   2.     Effect  of  fertiliser  atrolication  on  nitrogen  content  of  corn 
leaves  at  Roscoe  Ellis  farm  -  Havensville,   Kansas  -  1954. 
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somusf 

Aa  liiT«*itig»tlon  w«fl  conducted  in  conjunction  with  two  1954  com 
f«mils«r  troerlBntB.  one  an  irrigated  field  and  the  othsr  a  aon- 
Irrlgated  field,  to  sttidy  nitrogen  nutrition  of  com  V  use  of  leaf 
anclysls.     Alee,  rarloue  cation  relatlenehip*  were  studied  on  the  com 
leaves  from  the  irrigated  experiment. 

Leaf  saaples  were  collected  at  Tarloue  stages  of  grov%h  tind  analyzed 
In  the  lalscratory. 

From  an  exaainntlon  of  the  results  the  following  con  elusions  were 

drawat 

1.  fi«e  of  senpllng  is  rery  inportsnt  insofar  as  nutriaat  content  of 
the  com  plant  Is  concerned.  Tbs  rarious  elements  tend  to  change  a*  the 
ffrowins  season  progresses  as  follovat 

a,  Sitrogen  content  decreases, 

T»,  Oaldust  eont«it  Increases. 

c.  Megneslun  oonteait  increases. 

d.  Sodium  content  remains  fairly  constant. 
•.  Potaeeiua  content  decreases. 

f.     Phosphorus  cont«»t  decreases, 

2.  A^lieations  of  nitrogenous  fertilizers  iaoreaaee  the  per  cent 
nitrogen  in  the  com  leaf. 

3.  Kltrogen  content  of  the  com  leaf  tends  to  raguda  eonstent  for 
equiT?-lent  rates  of  nltro^?«m  applied  re/rardloss  of  the  tyoe  of  fertiliser 
famishing  the  nitrogen* 


4.  Gem  learve  should  !>•  sanolod  laid  If  a  unsftil  Baaaur*  of  aitrogaa 
oontant  of  the  laaras  is  to  iM  otttainad.     fhla  la  partioolarlj  true  whara 
eoni  h&s  "baan  ildadrasaad  lata. 

5.  Critleal  lovar  llAita  of  altro^aa  ara  stt#sg«stad  as  follows: 

Rqbcqc  mil.  SZ'  laof 

Cora  3  faat  in  hal^t . — g.OO^  I 

Cora  taaaallBg— — — — — — — — -~>-2.B0^  H 

Com  la  aarly  aa3^-"«>-""— ■—■"—— • — -»—--.— 1,90^  H 
^oa  G^ptell  farm: 

Con  3  feet  in  height 3.15^  X 

Com  tas'?ellng — — — — — — 2,?S^  I 

Com  la  eerly  ear — 2,25j5  f 

ft.     Additions  of  nitrogaa  incraase  the  oaleitsn  eontant  of  eom  lepras. 
Usa  of  eiihydrous  NHg  as  a  source  of  nltm/ren  resulted  in  a  hlpher  arercga 
calcium  content  than  did  usa  of  an  e<iuir'alant  aniount  of  nitrogen  foxra  (SH^)^ 
SO4. 

7.  Thero  exists  a  aa«Ba«lu»-pot£S3iTOn  relationship.     Additions  of 
starter  fertilizers  containing  ^otassitun  decreased  tha  Baenesltm  conteat 
of  00m  leares. 

8.  Additions  of  nitrogen  as  anhydrous  HH3  lowered  the  n&gneslum  content 
of  oorn  learae  as  eonparad  to  ecjui-ralant  aoeuata  of  aitrogaa  added  as  (BE^)^ 
SO4. 

9.  SodiuxB  eontant  of  com  laaras  may  ha  eonsidarad  of  little  iuportaaea 
in  the  nutrition  of  eora. 


H 


10.  Potaasixm  content  of  com  learea  was  Inoreasod  "by  additioaa  of 
«t«!rt«r  f«rtl").l«#T«  anA  fiTihvdrrtyfi  WL,.     ttiig  1«  attri'tatitd  to  th«  release 
of  fixed  potaasl^m  from  ol^a. 

11.  Additions  of  eterter  fertilizors  ineroaaod  tlw  phosphonaa  oontvat 
of  th?  eora  loarofl. 

12.  A  relationship  azlsts  lietween  nitrogen  and  i^lioephems.     Additions 
of  nitrogen  inoroaeed  phoepheras  content  of  the  com  leaf. 
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for  lilt  g«tA«Mt  Mid  attittaiiM  in  oonduotinc  th«  rtMaroh  and  par«parlac 
tlilt  th«tt«. 

flMi  tnther  *1m  vltfMt  to  «q)r*ti  hit  «ppr*dia%ioa  to  Olm  V.  Rardjr 
for  hit  holpftel  caiu^fltloat  in  tho  uto  of  tho  dic«otioB  proeoduro  omploTOd 
In  tho  eatloB  a]kAl7M«, 
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ygumaman  or  ?io8!>io»}8 

fhlt  •xrfrlmn%  v«»  d»«i#!9«d  to  d»t»r«ln«  th»  •ff»ot  of  different 
«ww«ntr»tlonB  of  fluoride  on  color  d«v«l<»pB«nt  In  eolorliwtric  MMur»- 
Mnt  of  phoichoni«,  «id  %o  d«t»»l»«  to  Wiat  Bxtont  tho  HgUOj  aadad  to 
(1*4)2^00*— HCl  solution  Bajr  ^«  d«5>««i4«d  flgpon  to  or-rco»«  thl»  inttrferflcio*. 

StandfeTd  «olutlon«  eontrirln^  0  to  4  rrB  ef  r>ho«pho»»  w«r«  rrop'^rod 
and  phosplioni*  oont«at  ww  Masurod  oolorinotriofclly.     thl«  «m  a»n«  first 
in  dl«tlll*d  vfttor  «ad  than  in  afMttta  folutlon*  oi»titlnl««  Wi^  in  corotn- 
trationt  of  0.03  H,  0.0*  H,  nad  0.%^  »  ©r  tmtil  mioh  ewowitration  of  fluoride 
M  %»«•  baiac  «oad  raaultad  in  total  rapraaaion  of  oolor  davalopwant,     i'hoa- 
^rua  ataadarda  than  wort  prap«f«d  aiidlarly  in  0.025  IT  Wl  and  0.1  S  Wl 
ia«t«*A  of  vtMr  aad  aiatlar  oolorimotrie  Baaauraamta  wara  rapaatad.     Tha 
a)>0T«  datansdnatiens  vera  rapaatad  uain*  H^^g  in  the  {m^)^Wi^r'lSOl  aoltt^ 

tion. 

Tha  follo»liNt  oottolusiona  vart  dy«iAi 

1,  Anwaiim  fluorlda  raprttaaa  eolor  dar^lopasent  aran  idien  praaant 
In  awftll  concantmtiona  (0,03  If), 

2,  Ameniua  fluoride  rapraaaaa  color  daralopMAt  «ora  ae  aoidltjr 

Inoraaaaa, 

3,  Color  rapraaaion  ia  «r««tar  for  irreatar  eoneantrationa  of  r>hoat>horua. 

4,  '^orlo  aoid  ttatd  with  (HH4) gMoO^^—HCl  aolutloa  in  affeotlva  within 
tha  following  liaitationai 

a.  up  to  0.08  B  Wi/^  in  water. 

b,  up  to  0.04  «  KH^y  in  0.026  K  MCX. 

e.  it  waa  not  aff active  aa  low  ae  0.03  H  V%^  in  O.X  «  »!• 


X 

WJIf  XXt     WfWPBf  IBfllTfTal  SWi^lS  lift  utSm 

A  laWralerj'  MttMsrliMiKl  vft«  oon^daettd  in  eonjunetlon  vlth  tvo  1354  oom 
f^tlllMr  exp«!la«ats  with  th«  following  oTjJwetlTas  In  tltvs 

!•    t«  4Ut«min«  tb«  »ff««t  of  difftrwnt  flaws  of  Stt^Uac  Q^on  th* 
9«ro«Bt«««  of  uttMCM  eontdlttod  in  oorn  leeTM, 

S,    To  dotcmlso  tho  influonoe  of  mrlou*  i^pplioctiono  of  fenilisor 
yxpOA  tho  poroonta^ra  &itro4K«n  oontaiMd  in  oom  loaivoo. 

8,    flo  Mtalklifdi  *aritleBl  lovolt  of  aitrofon**  in  oom  Imvoo. 

4.    7o  dotoniitto  th«  Ti«rc<mtAfo  of  P,  E,  0«,  Sa,  «nd  M|p  oonti^lned  in 
ooxn  Xocrot  of  ploti  tMch  rooeiirod  stiurtor  fonilloor. 

A  lo&f  ctt^plo  MBoiotlBc  of  the  third  loaf  fren  tho  ^ttoa  of  tho  eoim 
pUttt  «••  takM  froM  ooA  of  flui  plots  to  %•  stndiod.     fbo  plott  voro  ta^plod 
•i  va^oei«  titnot  »•  follovoi 

jfflo  Qtfflj^fW  XlflV 

1«    ftnt  oMi^lin^K-M— oom  oppvojcinotolr  I  foot  %9XU 

8.  Sooond  oimplittf-^oom  apnroxinatoljr  3  foot  toll, 
!•     nilvd  o«ij»li«9— oora  t«««alin(|. 

4.     7oojrth  «e)aK>lln«^>~onrn  la  osurljr  oor  t^iMpi,  polliaaliM  oaa^lotfi, 

SiMBftSUiJI*  SZ*  tsJBBf 

!•    7ir«t  ti*npliiic->— ooro  «)^iroxi«Httol9^  3  foot  toll, 

a,    ftooond  OMQliBi>^~>~oorn  tosoolln^. 

9,  third  oMnlini^-^-eoni  i»  oorly  oor  otofo,  foUiBotto*  oos^lotod, 
Hitroitm  v««  dotominod  Iqr  •  «odtfio4l  KjolAoKL  pf  oitnro,    A  vot  dicootioa 

proooduro  «*«  uood  for  nhotphovu)!  «nd  oatiea  d«toralnatiott*.    Phoophoraa  vot 
AotondBod  bjr  tho  oolorlMtrio  iRoljrMonuM  bluo  proeotloro,    Sodiva,  0«,  K,  ami 
Mk  voro  dotomittod  Toy  uto  of  o  Boik—  opootronhotonotor  with  o  floao  ottoehnmt* 


'Hi*  following  eonolusionB  ware  drawn  fron  the  experimental  dctai 

1.  Tine  of  •aaplinjt  is  yery  ii^ortant  insofar  as  nutrient  content  of 
the  oorn  plant  is  eoncemod.     The  rcuriotts  elementn  tend  to  ehaoft  at  th* 
growing  season  progresses  as  follewsi 

a.  Nitro#;en,  r)ho8^horae,  and  potassiun  content  deereaae. 

b.  Calcium  and  ma^esiua  content  increase. 
0.     Sodium  content  remains  f&irly  constant. 

2.  Appliootions  of  nitrogenous  fertilisers  incre&see  the  per  cent 
nitro/;en  in  the  com  leaf, 

'A,     Hitroiiten  content  of  the  corn  leaf  tends  to  renaln  oonotant  for 
e^Talent  rates  of  nitrogen  applied  regardless  of  the  type  of  fertiliser 
furnishing  the  nitrogen. 

4.  Com  lenres  should  be  tsBpled  late  if  a  usefal  neasure  of  nitrogea 
content  of  the  leaves  Is  to  be  obtained.     This  is  particularly  true  where 
Mm  hae  bem  sidedressed  late. 

5.  Critical  lower  limits  of  nitrogen  ere  flocfetted  as  follovtt 

Com  3  feet  in  height S.OOjJ  I 

Com  tasselinft — — — — 2,6(^  I 

Com  in  early  «ar — — 1,90;»  S 

lEftt  flMBlttiLL  IftDM 

Cora  3  feet  in  hel«ht r?.15,i  N 

Com  tasselin£^> »~— ———•—-— — — — 2,755l  f 

Com  in  early  ear — 5.38!^  ■ 


«,     Idditiont  of  nltrof?«n  lncr»6f»  th«  osIoIub  oontamt  of  com  l«aT»t, 
Ut«  of  anhydroui  HS3  M  a  •oure*  of  nitrogen  r««ult«d  in  a  hl#;hor  ftyera/ta 
calciurs  oont«nt  thim  did  ua«  of  an  ©(lalTalant  amount  of  nltro««n  from  (,^^^4)2 

SO4. 

7,  •IJh'-re  existed  a  Ba|pi«*itJM-pota««lutt  rftlntionalilp.     Addltlona  of 
ttarter  f«rtlll«eri»  cootalniag  potassiua  decraaaad  th»  MfaealuK  contwnt  of 

corn  1«£V«>3. 

8,  Additions  of  nltrogan  at  anhydrout  HHj  low^rad  tha  aa«tta«iw  oontant 
of  corn  learas  as  coaiparad  to  aquiralont  eaofunta  of  nltrogm  addM  aa  (88^)3 

SO4. 

9,  Sodlun  contant  of  corn  laaTVt  ugr  "ba  considered  of  llttla  lis^ortMioa 

in  tha  nutrition  of  com, 

10.     Potassltta  cont«at  of  corn  laavas  wa«  incrantad  \j  additona  of  atartar 
fartlllaara  and  anliydrotia  MRg,     This  l»  attrlWtad  to  the  releaae  of  fixed 
potasslVBD  froB  elajra. 

11,  Aiditlona  of  atartar  fertilizera  incraaaad  tha  phoaphorua  content 

of  the  eom  leares. 

12,  A  relationship  exlated  between  nitrogen  and  pliosphorua.     Addltlona 
of  nitrogen  inereated  phoaphorua  oontent  of  the  eom  leaf. 


